INTRODUCTION
Assigning correct names to plant taxa as the basic elements of ecosystems is a critical first step for any biodiversity inventory or monitoring program. Such inventory programs are very important for resource management and conservation planning. In the flora of SW Asia, Caryophyllaceae are abundant in various natural ecosystems, but the delimitation of taxa in the family is problematic with issues such as clinal trends in morphological traits blurring the borders between taxa, frequent hybridization in some genera (such as Dianthus L., see Vítová & al., 2015) , and seemingly artificial taxonomic borders appearing at various ranks. Harbaugh & al. (2010) Heywood (1964) , with Rabeler (1984) providing additional nomenclatural clarification. No recent monograph exists for Dianthus, with the most recent infrageneric classification appearing in Pax & Hoffman (1934) , or for Saponaria, with the only monograph published by Simmler (1910) and Shults (1989) providing additional information for taxa occurring in Russia. Recent molecular phylogenetic studies on Caryophyllaceae have indicated the necessity for major changes in the classification of the family and rejected the subfamilial system, which has commonly been in use (Fior & al., 2006; Harbaugh & al., 2010; Greenberg & Donoghue, 2011) . Today, the family is divided into 11 tribes including Caryophylleae with Dianthus caryophyllus L. as type (Harbaugh & al., 2010) . Until now, 12 of the Caryophylleae genera accepted by Hernández-Ledesma & al. (2015) have been included in molecular analyses, but genera such as Gypsophila, Petrorhagia and Saponaria are poorly represented.
Gypsophila is one of the most heterogeneous and largest groups. The genus comprises approximately 150 species of annual or perennial herbaceous, creeping or cushion-forming plants, inhabiting primarily the mountainous steppes in the north temperate part of the Old World with a diversification hotspot in the Irano-Turanian region (Barkoudah, 1962; Amini & al., 2011) . These species also show major variation in inflorescence type ranging from many-flowered lax thyrses or panicles (e.g., G. elegans M.Bieb., G. paniculata L., G. pilosa Huds.) to compact head-like cymes (G. capitata M.Bieb., G. capituliflora Rupr., G. caricifolia Boiss.) , and few-(uni-)flowered raceme-like monochasia (e.g., G. bazorganica Rech.f., G. saponarioides Bornm. & Gauba). The morphological differences between Ankyropetalum Fenzl, Bolanthus, Gypsophila and Phrynella are minor (Table 2) and their delimitations appear artificial.
The main focus of the present study is to clarify the generic delimitation in Caryophylleae. The detailed aims of the study are: (1) to elucidate phylogenetic relationships and natural groupings in Caryophylleae, (2) to clarify the limits of the genera in the tribe, (3) to test the monophyly of Gypsophila and its closely related genera, and (4) to assess evolutionary progressions for morphological traits applied in former generic classifications of the tribe Caryophylleae.
MATERIALS AND METHODS
Taxon sampling. -This investigation is based primarily upon specimens deposited in the herbaria: B, G, LE, M, MSB and TUH. Over 2000 herbarium sheets of the representatives of Caryophylleae have been determined/revised and studied.
The present study is the largest phylogenetic study on the tribe in terms of both numbers of genera and species. Since the tribe itself was proven to be monophyletic in previous analyses with tribe Eremogoneae Rabeler & W.L.Wagner or Sileneae as outgroup (Harbaugh & al., 2010; Greenberg & Donoghue, 2011) , we included 12 representatives of the most Table 2 . Characteristics of genera of Caryophylleae according to Bittrich (1993) and revisions proposed by Pirani & al. (2014 (Harbaugh & al., 2010; Greenberg & Donoghue, 2011) . Within the tribe, we tried to perform a balanced sampling representing almost all major morphological lineages known to us based on personal experience and examining pertinent literature. Therefore, the present study allows us to define the genera in Caryophylleae more appropriately, matching morphological, geographical and molecular phylogenetic evidence. We produced a dataset of nrDNA ITS with 136 (59 new sequences and 77 obtained from GenBank) accessions representing 112 species, and a dataset of cpDNA rps16 with 94 (58 new sequences and 36 obtained from GenBank) accessions representing 85 species. Dissatified with the poor sampling of Gypsophila in previous molecular phylogenetic studies, we focused more intensively on this genus, and generated sequences for 44 and 34 species of this genus for nrDNA ITS and cpDNA rps16, respectively. For this purpose we attempted to sample all subgenera and sections recognized in Barkoudah (1962) . Representatives of four formerly recognized genera of Caryophylleae, i.e., Ankyropetalum, Bolanthus, Cyathophylla Bocquet & Strid, and Phrynella as well as the new genera described in this paper, i.e. Balkana gen. nov., Graecobolanthus gen. nov., were sequenced in this study for the first time. The voucher specimens for the sequences generated in this study (Appendix 1) are deposited in B, M, MSB and/or TUH.
DNA extraction, amplification and sequencing. -The present study was performed based on two molecular markers, one nuclear: the internal trascribed spacer (ITS) region of the ribosomal cistron (consisting of ITS1, the intervening 5.8S gene, and ITS2) and one plastid intron: rps16. DNA was extracted from dried leaf material using a NucleoSpin Plant DNA extraction kit (Macherey-Nagel, Düren, Germany) according to the manufacturers' protocol. Amplification of the ITS region was performed using the primer pair Leu1 (Vargas & al., 1998) and ITS4 (White & al., 1990 ). In some difficult cases ITS2 and ITS3 were used, as described by White & al. (1990) . For the plastid region (complete intron rps16), we used the primers rpsF and rpsR2R or rpsF and rpsR3R (Oxelman & al., 1997; Petri & Oxelman, 2011; Kool & al., 2012) . All PCR amplifications were performed in a Thermocycler T-Personal 48 (Biometra, Göttingen, Germany), Primus 96 plus (MWG: Biotech, Ebersberg, Germany), or 2720 (Applied Biosystems, Carlsbad, California, U.S.A.).
Cycle sequencing was done using BigDye Terminator v.3.1, Cycle Sequencing Kit (Applied Biosystems). DNA samples were sequenced with ABI3730 DNA Analyser 48-well capillary sequencer (Applied Biosystems).
Alignment and tree reconstruction. -We edited the sequences with Geneious v.8.0.5 (Kearse & al., 2012) , and conducted the multiple alignment using MAFFT v.7 with default parameters (Katoh & Standley, 2013) . The alignments were manually corrected using Mesquite v.3.02 (Maddison & Maddison, 2011) .
Alignments of the present phylogenetic datasets are avail able as supplementary material (https://doi.org/10.12705/671.6.S). The beginning and end of the alignments, where the sequences of many individuals lack sharp electropherogram peaks, were trimmed prior to analysis. The ITS and rps16 datasets were analyzed separately as their taxon composition differed. Two kinds of analyses were run on each dataset separately: Bayesian inference (BI) and maximum parsimony (MP). Before running BI, the optimal substitution models were estimated using the Akaike information criterion (AIC) in jModelTest v.0.1.1 (Posada, 2008) . General time reversible model with gammashaped rate variation and a proportion of invariable sites (GTR + I + Γ) was estimated as the best-fit model for both ITS and rps16 markers. For BI we used MrBayes v.3.2.6 (Ronquist & Huelsenbeck, 2003) under CIPRES server (Miller & al., 2010) with the number of MCMC generations for ITS and rps16 datasets set to 40 million. Trees were sampled every 1000 generations with the default of three "heated" and one "cold" chain, and pre-stationarity MCMC samples were discarded as burn-in (2500 samples as calculated by Tracer v.1.6 software, Rambault & al., 2014) . The remaining trees were summarized in a 50% majority-rule consensus tree for each dataset. MP analyses were performed using PAUP* v.4.0b10 (Swofford, 2003) with the following parameters: all characters unordered and equally weighted, heuristic search with random sequence addition, tree-bisection-reconnection branch swapping, 50 random-addition-sequence replicates, and MAXTREES option set to 10,000. The obtained trees were summarized in a strict consensus tree. Bootstrapping was done using maximum likelihood method as implemented in RAxML-HPC2 on XSEDE v.8 (Stamatakis, 2014) the following settings: model = GTRCAT, bootstrap nreps = 1000 (summarized in a 50% majority-rule consensus tree as a cladogram).
Morphological character mapping. -A data matrix of four morphological characters for all taxa included in the phylogenetic analysis of ITS was prepared. The selected characters were: (1) membranous commissures of calyx (present/ absent), (2) bracteoles (present/absent), (3) seed shape (reniform or pyriform/reniform-oblong/peltate/comma shaped), and (4) embryo shape (curved/straight/hook-shaped). The evolutionary pathways were reconstructed using Mesquite v.3.02 (Maddison & Maddison, 2011) . We employed the Markov k-state 1 (Mk1) parameter model of evolution for the ML reconstructions, with equal probability for any particular character change.
Typification information. -Details about type specimens of the basionyms of the new combinations and resurrected names that we have included are based on examining protologues and searching major indices (Tropicos, http://www. tropicos.org/; JSTOR Global Plants, https://plants.jstor.org), as well as websites of several individual herbaria (BM, BR, E, G, GH, K, KEW, L, LINN, OS, P, US, WU) for extant specimens. We have examined a digital image from one (or more) of these sources for any specimen where we cite a barcode in the type citations.
RESULTS
The alignment of the ITS dataset needed introduction of ten large indels (≥ 5 bp). The final ITS matrix for 135 terminals comprised a total of 700 characters, whereas the rps16 dataset with 94 terminals was finally 1034 bp long and included 29 large indels. A list of alignment characteristics and parsimony statistics is presented in Table 3 . The results of MP and BI for both datasets were congruent. Therefore, we present and discuss only the 50% majority-rule trees obtained from BI of the ITS (Fig. 2) and rps16 (Fig. 3) . For a better comparison of the obtained trees and checking for congruency between the two datasets, the mirror image of obtained trees is shown in Fig. 4 .
All trees are congruent in showing tribe Caryophylleae as monophyletic with Silene (in rps16 trees) or Eremogone (in ITS trees) as sister group. We recognize three main clades in both trees which are called Gypsophilinae, Saponaria s.str. and Caryophyllinae. In the ITS tree ( (4) Petroana (including Gypsophila montana and G. montserratii). Gypsophilinae and Saponaria s.str. show a sister relationship in the rps16 tree, and their clade is in turn sister to Caryophyllinae, while Saponaria s.str. forms the sister to the Caryophyllinae in the ITS topology (Fig. 2) . The Gypsophilinae clade embraces most species of Gypsophila including the type of the genus (G. repens L.) along with the representatives of the genera Vaccaria, Ankyropetalum, and Bolbosaponaria Bondarenko as well as one species of Diaphanoptera (D. afghanica Podlech).
DISCUSSION
Despite many molecular phylogenetic studies in Caryophyllaceae during recent years (Fior & al., 2006; Harbaugh & al., 2010; Greenberg & Donoghue, 2011; Pirani & al., 2014; Dillenberger & Kadereit, 2014; Sadeghian & al., 2015) the generic boundaries in the tribe Caryophylleae are still blurred (Pirani & al., 2014; Hernández-Ledesma & al., 2015) . The scanty sampling of some large genera in the tribe, such as Gypsophila and Saponaria, as well as missing sequences of some smaller genera and little knowledge of the morphology of many crucial taxa are the main reasons for this uncertainty. Since many ornamental and medicinal plants are representatives of this tribe, and due to frequent occurrence of the members of this tribe in natural ecosystems in SW Asia, providing the correct taxonomic name to these taxa is very important, though challenging.
The general topology of the trees obtained here supports the presence of three major clades in Caryophylleae, fitting partly with the subtribal system proposed by Šourková (1978) . Our phylogenies suggest adding two subtribes to subtribes Dianthinae Šourková (homotypic synonym of Caryophyl linae (Juss.) Rabeler & Bittrich, see Rabeler & Bittrich, 1993) and Gypso philinae Šourková, namely subtribes Saponariinae and Psammo sileninae. However, as three of the four subtribes would each include only one genus, this system seems unnecessary. Therefore, we prefer to name not all clades formally as shown on the trees . According to the results we obtained, we provide below a detailed survey on the delimitation of genera in tribe Caryophylleae.
Gypsophila. -As circumscribed currently, this is a heterogeneous group morphologically (Bittrich, 1993) . Our study shows that a major revision is necessary to make this genus monophyletic. All analyses conducted here show clearly that the generic names Ankyropetalum, Bolbo saponaria (already included in the genus, see Bittrich, 1993) , Dicho glottis Fisch. & C.A.Mey. (already included in the genus, see Barkoudah, 1962) , Vaccaria and one species of Dia phanoptera (D. afghanica) are nested within Gypsophila. In each of these cases, the morphological diagnostic features are shared by certain species assigned to Gypsophila. In the case of Ankyro petalum the deeply incised petals as well as exserted stamens (in addition to other features mentioned by Barkoudah, 1962 ) might represent autapomorphies. The membranous commissures and the winged veins of the calyx as well as its inflated form in Vaccaria are also evident in Diaphanoptera khorasanica Rech.f. and partly in D. afghanica as well as Bolbosaponaria bucharica (B.Fedtsch.) Bondarenko (also nested within Gypsophila in our analyses). The possible inclusion of Vaccaria in Gypsophila has been suggested before (Kadereit & al., 2016) . The genus Diaphanoptera is clearly polyphyletic with three species The generic names in the column right to the grey area are those accepted by Bittrich (1993) , Pirani & al. (2014) , and Hernández- Ledesma & al. (2015) . Values below 0.5 for posterior probability and below 50% for ML/MP bootstrap are not shown. A that are woody at base nested within Acanthophyllum (see also Pirani & al., 2014) and one species in Gypsophila. In line with previous analyses, the genus Diaphanoptera cannot be maintained and should be reduced to a synonym under Acanthophyllum (Pirani & al., unpub. data) . It seems that the unique tuberous roots and long tubular calyces with membranous commissures between the calyx veins in Bolbosaponaria are not applicable at generic rank, but may be useful for separating lower ranks such as sections. However, the subgeneric classification of Gypsophila needs a richer sampling and is not addressed here, but it is included in the scope of our future investigations. Another important finding of our study relating to Gypsophila is the necessity to exclude some morphologically aberrant taxa. Such a treatment has already been applied to G. muralis L. and three related taxa now considered as Psammophiliella Ikonn. (Hernández-Ledesma & al., 2015: based on results obtained by Greenberg & Donoghue, 2011, and Pirani & al., 2014 The last four species listed above are placed in the Acanthophyllum s.l. clade. Gypsophila cerastioides is neither spiny nor shows the typical many-flowered rich axillary inflorescences known in most species of Acanthophyllum. The broad leaves, many-ovulate capsules and large petals in this species indicate rather its unique position that led some earlier taxonomists to assign it to the genus Acosmia Benth.
(or Timaeosia Klotzsch). In the ITS tree presented here, this species is closely related to Diaphanoptera ekbergii Hedge & Wendelbo, and G. herniarioides.
In line with our molecular phylogenetic results, the woody cushion-forming habit, the well-developed short lateral branches in G. herniarioides resulting in a false verticillate phyllotaxy as well as dense and many-flowered corymbose inflorescences, and 4-to 12-ovulate ovary fit well with Acanthophyllum, but are absent or rarely observed in Gypsophila. However, the Acanthophyllum s.l. clade includes some other unarmed plants such as members of Allochrusa, and therefore, recognition of neither G. herniarioides nor Allochrusa spp. under separate genera are supported by molecular data (see also Pirani & al., 2014) . Our extended taxon sampling (especially regarding the number of genera sampled) for both markers, does not allow Allochrusa to be separated from Acanthophyllum. The species of the genus Allochrusa were considered once as members of Acanthophyllum subg. Allo chrusa (Schischkin, 1936) and our molecular phylogenetic studies corroborate the taxonomic treatment performed by Pirani & al. (2014) and contradict the treatment by Hernández-Ledesma & al. (2015) where it was recognized provisionally at the generic level. According to this concept, it is necessary to resurrect the generic name Acanthophyllum for some taxa treated as Allochrusa in recent taxonomic surveys (see under Taxonomic implications).
Gypsophila honigbergeri is spiny (at least at leaf apex) and shows characteristic capsules of Acanthophyllum (low ovule number, one-seeded), and was suggested previously to be a member of this genus (Barkoudah, 1962) . Aggregation of some characters, i.e., cylindrical calyx, shortly exserted petals and long stamens, which are unusual characters in Gypsophila, associated with a cushion-forming habit resembling Acanthophyllum drove Rechinger (1988) to describe the distinct subgenus Kabulianthe under Gypsophila. Ikonnikov (2004) even elevated this taxon to generic rank and introduced the combination Kabulianthe honigbergeri (Fenzl) Ikonn.
Gypsophila myriantha is also spiny and similar to Acanthophyllum in general habit except for the open paniculate inflorescence that is similar to many species of Gypsophila. The capsules in this species have not been seen, but the number of ovules is lower than 12, associating it again with Acanthophyllum. Our molecular phylogenetic investigations clearly place this species in Acanthophyllum.
Gypsophila desertorum and G. violacea form a distinct clade sister to Acanthophyllum s.l. + Dianthus s.l. clades. Both species are representatives of Gypsophila sect. Heterochroa (Bunge) A.Braun (for notes on correct name and typification of this taxon see Rabeler, 1993) Gypsophila montserratii and G. montana (≡ Saponaria montana (Balf.f.) Barkoudah) are characterized by a very small calyx and petals. The haploid base chromosome number is known only for the former (x = 13 : Löve, 1973) , which is neither congruent with Gypsophila (mostly x = 17) nor with Dianthus (x = 15). They form a highly supported clade sister to the Dianthus s.l. clade in the ITS and rps16 trees (Figs.  2, 3 ). Like Miller & Cope (1996) , who treated G. montana within Gypsophila, we were not able to trace any important morphological character that supported Barkoudah (1962) transferring G. montana to Saponaria, but the morphological resemblance of this taxon to G. montserratii is strong enough to correlate it with the latter. These two species are geographically remote from each other: G. montserratii is known from the Iberian Peninsula, and G. montana is distributed in mountains and wadi-beds of Socotra (an archipelago in Arabian Sea, territory of Yemen) (Miller & Cope, 1996) . In line with our molecular phylogenetic analyses and morphological evidence, we suggest describing a new genus, Petroana, for this group (see below under Taxonomic implications).
Saponaria. -Seven species of Saponaria are included in our analyses, most of which form a clade in both analyses that includes Pleioneura griffithiana (Boiss.) Results). Our results show clearly that Pleioneura is nested within Saponaria in spite of the unique stigma (positioned just at the end of the style) and the membranous commissures between the calyx veins. In contrast to Bittrich (1993) and Hernández-Ledesma & al. (2015) , who recognized Pleioneura, we suggest its synonymy within Saponaria.
Among the species currently assigned to Saponaria, S. viscosa is nested within the Cyathophylla clade (Fig. 3) . Unfortunately, the ITS sequence for Cyathophylla chlorifolia Bocquet & Strid could not be generated, but the rps16 sequences put C. chlorifolia and S. viscosa together clearly with full support. The perfoliate leaves and congested inflorescence in Cyathophylla are the most important morphological features separating it from Saponaria. However, the pedicels in S. viscosa are relatively short, so that the young inflorescences do show a congested form. In general, only the ovate to rounded leaves in C. chlorifolia, which look perfoliate at the base, can be considered as important characters separating these taxa. Furthermore, C. chlorifolia is found in Greece and Turkey, whereas S. viscosa is distributed in eastern Turkey, Azerbaijan, Iraq, Iran and Turkmenistan. The distribution of these species overlaps somewhat in Ankara Province in Turkey.
Dianthus s.l. -Bolanthus, Dianthus, Petrorhagia, Phrynella, Psammophiliella, and Velezia are the main representatives of the clade Dianthus s.l.; our study is the first molecular investigation including genera Bolanthus and Phrynella. Furthermore, we extended the sampling of Petrorhagia, supporting its paraphyly as previously indicated but based on a different grouping of sampled taxa (Greenberg & Donoghue, 2011) . The relatively rich sampling of Dianthus in previous analyses (Valente & al., 2010; Greenberg & Donoghue, 2011) indicated that Dianthus was monophyletic with Velezia nested within (Harbaugh & al., 2010; Kemler & al., 2013) . Despite low sampling here, our analyses also suggest inclusion of Velezia as well as a few species of Petrorhagia (excluding its type: P. saxifraga (L.) Link) in Dianthus.
Petrorhagia. -Morphologically, species of Petrorhagia either have conspicuous bracts encircling the calyx (including the type) or such bracts are missing. Our analyses clearly suggest including this latter group in Dianthus; most of these species have in the past been placed within Gypsophila (Grisebach, 1843) .
In both trees (Figs. 2, 3) the Dianthus s.l. clade is divided into five main lineages with unresolved or moderately to low-supported relationships: (1) Bolanthus core group including some species of this genus as well as Gypsophila confertifolia and Phrynella; (2) Psammophiliella muralis; (3) G. spergulifolia; (4) the core group of Petrorhagia (including its type) along with the second group of Bolanthus (B. graecus, B. fruticulosus); and (5) Dianthus, Velezia and the second group of Petrorhagia (including P. armerioides, P. alpina and P. candica).
The findings of our analyses indicate that a group of species currently assigned to Petrorhagia sect. Pseudotunica (Fenzl) Post & Kuntze and sect. Pseudogypsophila (A.Braun) P.Ball & Heywood, which are characterized by the absence of conspicuous epicalyx bracts, are also associated with Dianthus and form a common clade with Velezia. Since Dianthus sect. Armeriastrum Ser. forms the most basally branching clade of the genus (as currently circumscribed, see Valente & al., 2010) and the clade composed of Velezia rigida and part of P. sect. Pseudotunica are sister to the Dianthus crown group, it seems that it is inevitable to extend the formerly suggested lumping approach to place P. sect. Pseudotunica in Dianthus. However, as the type of this section was not available to us, the formal synonymy of this section should wait for further investigations, but the few species of this section analyzed here are transferred to Dianthus (see under Taxonomic implications).
Bolanthus. -Bolanthus fruticulosus and B. graecus are both distributed in Greece (Strid, 1986) slightly disjunct from most species of the genus, which is known from Turkey and Middle East. The representatives of the genus from both areas are mostly saxicolous plants with showy petals rounded at the apex as well as conspicuous calyx veins and narrow commissural membranes. However, the petals in the Greek species turn abruptly downwards and become clearly deflexed shortly after anthesis, while in species from Turkey and the Middle East the petals might be recurved, but not abruptly deflexed. Our results agree with this morphological characteristic and geographical data, suggesting a new genus for the Greek representatives formerly assigned to Bolanthus is needed (see Graecobolanthus under Taxonomic implications).
Gypsophila confertifolia, which shows an overlapping distribution pattern with the main group of Bolanthus centered in the East-Mediterranean phytogeographic subregion (sensu Eig, 1931) , is characterized by a tubular calyx and short pedicels, which give rise to capitate inflorescences, resembling some species of Bolanthus such as B. minuartioides (Jaub. & Spach) Hub.-Mor. The main difference between this species and members of Bolanthus is its annual habit. Our ITS trees (Fig. 2) suggest that this species is more closely related to Bolanthus rather than Gypsophila or, as suggested by Ikonnikov (1976) , Psammophiliella. This assumption is also supported by geographical and morphological data. Based on available data, G. confertifolia should be transferred to Bolanthus.
A similar situation involves the obligate serpentinophyte taxon (Marin & Tatić, 2001; Jakovljević & al., 2011) G. spergulifolia relatively long pedicels and a short campanulate-turbinate calyx. Furthermore, the petals are uniquely bicolored, red on the outer surface, but with a white or pink inner surface. It shows also an isolated geographic distribution, endemic to the Balkan region (in Albania and Serbia). Our results suggest recognizing this taxon as distinct from both Bolanthus and Gypsophila (see Balkana under Taxonomic implications), although the commissural membranes of the calyx known in both genera occur also in this taxon. In our phylogenetic trees this species is placed more closely to Bolanthus rather than to Gypsophila.
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Phylogenetic analyses of both markers clearly place Phrynella within Bolanthus. Morphological and geographical data also support this relationship. The monotypic genus Phrynella is known only from Turkey, where several species of Bolanthus are also found, sometimes in similar regions (Reeve & al., 1967) . Short internodes, 1-to 3-flowered Version of Record axillary inflorescences, sessile flowers, and petals slightly overtopping the calyx are shared by Phrynella ortegioides and several species of Bolanthus. Our results are partly in accordance with Barkoudah's (1962) morphological concept, associating Phrynella with B. minuartioides. However, he transferred the latter to Acanthophyllum mainly due to its rigid habit, linear parallel-nerved leaves, sessile axillary and terminal flowers and unequal stamens (Barkoudah, 1962) . The analyses presented here, despite showing a close relationship between Ph. ortegioides and B. minuartioides, rejects their affinity with Acanthophyllum.
Evolution of selected morphological characters. -Mapping of morphological characters on the consensus ITS tree shows that most of the diagnostic traits used formerly in tribe Caryophylleae are homoplasious and not useful for defining the boundaries between the genera (Fig. 5A-D) . Therefore, from a taxonomic point of view, it is inevitable that we apply a combination of characters for defining the genera in this group, noting that only a few genera might show no overlap in these characters. It appears as if membranous commissures between the sepals evolved in basal branches of the ITS tree (Fig. 5A) , suggesting a reversal of this character in some species or species groups in Acanthophyllum and Dianthus. However, in Psammosilene, which occupies a basal position in Caryophylleae, commissural membranes are absent, and the membranous parts of the calyx are confined to tooth margins. Seed shape (Fig. 5C ) in the members of Caryophylleae is quite variable and, therefore, we determined four states for this character. Peltate, dorsiventrally compressed seeds, which have been considered as a major synapomorphy for Dianthus, are shared by Petrorhagia, Psammosilene and Velezia, among which Psammosilene is not closely related to Dianthus. Within the Dianthus s.l. clade the peltate shape is the most common state, but the reniform type (as in Gypsophila spergulifolia = Balkana spergulifolia (Griseb.) Madhani & Zarre: see below under Taxonomic implications) and the comma-shaped type (as in Bolanthus spp.) represent some cases of homoplasy regarding this character state. Ball & Heywood (1964) considered the peltate seeds as a feature separating the genera Dianthus, Petrorhagia and Velezia from all other members of Silenoideae, but recent studies reported this seed type also in Psammosilene (Bittrich, 1993 ). In Acanthophyllum s.l. and Heterochroa, the common seed shape is the reniform-oblong, which can be considered as intermediate between reniform and peltate types. A detailed seed micromorphological investigation in the Dianthus s.l. clade, like those already conducted on Gypsophila (Amini & al., 2011) , Velezia (Poyraz & Ataşlar, 2010) and Acanthophyllum (Pirani & al., in prep.) , will shed light on the evolutionary pathways of this character.
The curved embryo is the most common type in the basally branching clades of Caryophylleae except Psammosilene, which has a straight embryo, but the straight and hook-shaped ones are most common in members of the Dianthus s.l. clade suggesting a derived position for this state (Fig. 5D) . Embryo shape is otherwise correlated with seed shape, so that reniform/ reniformoblong, peltate, and comma-shaped seeds show curved, straight, and hook-shaped embryos, respectively.
Another important morphological character addressed in the present study is the presence/absences of bracteoles (Fig.  5B) . Presence of bracteoles in Allochrusa, Diaphanoptera, Ochotonophila and Scleranthopsis, reflects their phylogenetic position nested within Acanthophyllum. However, absence of bracteoles in other taxa of Acanthophyllum s.l. clade (Gypsophila cerastioides, G. hernarioides, G. honigbergeri, G. myriantha) , suggests at least two reversals for this character in this clade.
TAXONOMIC IMPLICATIONS
The molecular phylogenetic analyses performed here, together with morphological and geographic evidence, suggest a new generic concept in tribe Caryophylleae. It is necessary to transfer some species to other genera or describe new genera in order to make them natural and monophyletic. Based on this new concept, we provide a diagnostic key to all genera we currently recognize in the tribe and then brief descriptions of each genus (most based on Bittrich, 1993 and modified as necessary). New combinations are made only when material of the taxa was available to us for analysis. Therefore, for many taxa we did not propose any taxonomic change due to lack of specimens for detailed herbarium or molecular examination.
Diagnostic key to genera of Caryophylleae. -In many genera there are a few species showing some deviation from the typical variation exhibited within the genus. In most cases, it is necessary to use a combination of characters in order to determine the genus with certainty. Etymology. -Balkana is named after the general distribution of the plants which is centered in Balkan Peninsula.
Distribution. -The genus is a Mediterranean element distributed in the inner and western part of the Balkan Peninsula: Albania, Serbia, Bosnia-Herzegovina.
Habitat. -These plants are thermophilous, growing on limestone or serpentine soils.
Included species
Balkana spergulifolia (Griseb.) Description. -Annual or perennial herbs to tufted caespitose or pulvinate subshrubs; leaves linear or even spiny to lanceolate and ovate, often somewhat fleshy; flowers hermaphrodite or sometimes unisexual, in many-flowered lax thyrses or panicles, or compact head-like or few-(uni-)flowered racemelike monochasia; bracts present; pedicel longer than the calyx; calyx campanulate-turbinate or tubular, mostly with calcium oxalate druses, with 5 veins and membranous commissures, or inflated with 5 winged veins and lacking membranous commissures; petals 5, white, pink, or purple, often concolorous (upper and lower side) with purple veins; stamens 10, rarely 5; styles 2(-3), stigmatic surface extending all along the style; ovules 4-36; capsule opening by 4 valves; seeds reniform; embryo curved; 2n = 12, 24, 26, 28, 30, 34, 36, 48, 51, 60, 68 ; species ca. 150.
Etymology. -From Greek gypsos: chalk, gypsum + philos: loving.
Distribution. -Temperate regions of Eurasia, Africa, Pacific Islands, with one species extending to Australia; introduced in North and South America.
Habitat. -Mostly in steppes on calcareous hills, dry or rocky slopes, and sandy soils, sometimes weeds on farms, some species ruderals growing along roadsides.
